TITLE OF THE INVENTION 
PHOTOELECTRIC SENSOR 



BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a photoelectric sensor 
for detecting the presence/absence of an object using a 
light-emitting device and a light-receiving device. 

Description of the Related Art 

This kind of photoelectric sensor has a basic configuration 
of detecting the presence/absence of an object in a detection 
area where a light-emitting area of a light-emitting device and 
a light- receiving area of a light -receiving device are overlapped 
with each other. More specifically, when an object passes 
through the detection area, light emitted from the light-emitting 
device is reflected from the object, and is received by the 
light-receiving device. As a result, a level of a signal output 
from the light-receiving device is changed, so that the intrusion 
of the object is detected. 

The detection area is determined by the positional 
relationship between the light-emitting device and the 
light-receiving device, the orientation of the light-emitting 
device and the light-receiving device, and the like. When a 
plurality of light- emit ting devices and light- receiving devices 



is used, the presence/absence of an object can be detected over 
a plurality of detection areas (see Japanese Patent Laid-Open 
Publication No. 2002-168967, for example) . 

However, in the case where a plurality of light-emitting 
devices and light-receiving devices is used, there is a problem 
in that it is very difficult to realize miniaturization and 
cost-reduction of an apparatus. 

SUMMARY OF THE INVENTION 

The present invention is devised in view of the above 
circumstances, and aims to provide a photoelectric sensor capable 
of detecting the presence/absence of an object over a plurality 
of detection areas without using a plurality of light-emitting 
devices and light-receiving devices. 

According to an aspect of the present invention, there 
is provided a photoelectric sensor for detecting the 
presence/absence of an object in a detection area where a 
light-emitting area of a light-emitting device and a 
light-receiving area of a light-receiving device are overlapped 
with each other, the photoelectric sensor comprising: a power 
supply unit that outputs a driving current of the light-emitting 
device such that its current value is variable; and a control 
unit that controls the power supply unit in order to change in 
magnitude of the driving current of the light-emitting device. 

For example, the control unit is configured to have the 



function of controlling the power supply unit to change in 
magnitude of the driving current of the light-emitting device, 
and determining the presence/absence of an object based on an 
output from the light-receiving device to output the result of 
determination as a digital or analog detection signal. 

Preferably, the control unit is configured to have the 
function of repeatedly changing in magnitude of the driving 
current of the light- emit ting device in a predetermined pattern . 

According to another aspect of the present invention, there 
is provided a photoelectric sensor for detecting the 
presence/absence of an object in a detection area where a 
light-emitting area of a light-emitting device and a 
light-receiving area of a light-receiving device are overlapped 
with each other, the photoelectric sensor being configured to 
allow the light-emitting device to emit light, compare an output 
level of the light- receiving device with a plurality of reference 
values different from one another, and output the result of 
comparison as a digital or analog detection signal. 

According to still another aspect of the present invention, 
there is provided a photoelectric sensor for detecting the 
presence/absence of an object in a detection area where a 
light-emitting area of a light-emitting device and a 
light-receiving area of a light-receiving device are overlapped 
with each other, the photoelectoric sensor being configured to 
allow the light-emitting device to emit light, compare an output 



level of the light-receiving device with a reference value to 
output the result of comparison as a detection signal, change 
the reference value to compare the output level of the 
light-receiving device with the reference value in each change 
in the reference value, and output the result of comparison as 
a detection signal. 

Preferably, the photoelectric sensor is configured to have 
the function of repeatedly changing the reference value in a 
predetermined pattern* 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of a photoelectric sensor for 
describing a first embodiment of the present invention; 

Figs. 2A and 2B are circuit diagrams showing an output 
circuit of a control unit in the photoelectric sensor; 

Fig. 3 is a timing chart showing an operation of a power 
supply unit of the photoelectric sensor, which shows the 
relationship between a control signal output from a control unit 
and a driving current of a light-emitting device; 

Fig. 4 is a view for describing an object detection 
principle in the photoelectric sensor, which shows a detection 
area where a light-emitting area of a light-emitting device and 
a light- receiving area of a light- receiving device are overlapped 
with each other; 

Fig. 5 is a circuit diagram of a detection circuit of the 



photoelectric sensor for describing a second embodiment of the 
present invention; and 

Fig. 6 is a view for describing an operation of a 
determination unit of the photoelectric sensor, which shows a 
waveform of output voltage of a buffer amplifier connected to 
an output stage of a light-receiving device. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Hereinafter, description will be given of a first 
embodiment of the present invention with reference to Figs. 1 
to 4 . Fig. 1 is a block diagram of a photoelectric sensor; Figs. 
2A and 2B are circuit diagrams showing an output circuit of a 
control unit in the photoelectric sensor; Fig. 3 is a timing 
chart showing an operation of a power supply unit of the 
photoelectric sensor, which shows the relationship between a 
control signal output from the control unit and a driving current 
of the light-emitting device: and Fig. 4 is a view illustrating 
an obj ect detection principle in the photoelectric sensor, which 
shows a detection area where a light-emitting area of a 
light-emitting device and a light-receiving area of a 
light-receiving device are overlapped with each other. 

As shown in Fig. 4, the photoelectric sensor described 
herein detects the presence/absence of an object in a detection 
areas Al, A2 or A3 where a light-emitting area of a light-emitting 
device 10 and a light-receiving area of a light-receiving device 



20 are overlapped with each other. The photoelectric sensor 
can not only detect the presence /absence of proximity of an obj ect 
but also measure a proximity distance at three levels. The 
detection area Al is located in front of the light- emit ting device 
10 and the light-receiving device 20 and corresponds to a portion 
from a distance L0 to a distance LI. Similarly, the detection 
areas A2 and A3 are located in front of the light-emitting device 
10 and the light-receiving device 20 and correspond to a portion 
from the distance L0 to a distance L2 and a portion from the 
distance L0 to a distance L3, respectively. 

As shown in Fig . 1, in addition to the light-emitting device 
10 and the light-receiving device 20, the photoelectric sensor 
is configured to have: a power supply unit 40 that outputs a 
driving current I of the light-emitting device 10 such that its 
current value is variable; a control unit 30 that has the function 
of controlling the power supply unit 40 to change in magnitude 
of the driving current I of the light-emitting device 10, and 
determining the presence/absence of an object based on an output 
from the light-receiving device 20 to output the result of 
determination as digital detection signals Dl, D2 and D3; and 
an output circuit 50 that converts the detection signal Dl, D2 
and D3 as an analog signal to outputs the converted signal as 
a signal a. Hereinafter, description will be given of each 
component in detail. 

Herein, an LED for infrared rays and a phototransistor 



or a photodiode are used as the light-emitting device 10 and 
the light-receiving device 20, respectively. As shown in Fig, 
4, the light-emitting device 10 and the light-receiving device 
20 are arranged adjacent to each other. That is, when an object 
passes through the detection area Al, A2 or A3, light emitted 
from the light-emitting device 10 is reflected from the object, 
and is received by the light-receiving device 20. As a result, 
a level of voltage output from the light-receiving device 20 
is increased and changed. 

The power supply unit 40 is a circuit in which three 
constant-current circuits operating according to control 
signals OUT1, OUT2 and OUT3 output from the control unit 30 are 
connected in parallel. As shown in Fig. 3, when the control 
signals OUT1, OUT2 and OUT3 are in an H level, the magnitude 
of the driving current I is changed into II, 12 or 13. 

When the magnitude of the driving current I flowing through 
the light-emitting device 10 is II, it is possible to detect 
the presence/absence of an object in the detection area Al with 
the light-receiving device 20. Similarly, when the magnitude 
of the driving current I flowing through the light-emitting 
device 10isI2orI3, itis possible to detect the presence /absence 
of an object in the detection area A2 or A3with the light-receiving 
device 20, respectively. This is based on characteristics of 
the light-emitting device in that the light intensity of the 
light-emitting device 10 is increased in proportion to the 



magnitude of the driving current. 

The control unit 30 is configured to have a determination 
unit 31 that determines the intrusion of anobj ect in the detection 
area Al, A2 or A3 when the output voltage of the light-receiving 
device 20 is equal to or less than a predetermined value; an 
output unit 32 that outputs the detection signals Dl, D2 and 
D3 based on the result of determination by determination unit 
31; and a light emission control unit 33 that repeatedly outputs 
the control signals OUT1, OUT2 and OUT3 in a pattern shown in 
Fig. 3 in order to control the power supply unit 40. 

Herein, a microcomputer is used as the control unit 30 
and configured to exert functions as the determination unit 31 
and the light emission control unit 33 in such a manner that 
a program previously recorded in a built-in memory is executed 
by a CPU. Contents of the program will be described later. 

The output voltage of the light-emitting device 20 is input 
through an analog input port of the microcomputer. The output 
unit 32 corresponds to an I/O of the microcomputer and has the 
configuration shown in Fig. 2A or Fig. 2B. The configuration 
shown in Fig. 2A is for N-channel output and the configuration 
shown in Fig. 2B is for P-channel output. For both circuits, 
the detection signals Dl, D2 and D3 are output, respectively, 
when transistors Ql, Q2 and Q3 are turned on. 

As shown in Fig. 2A, the output circuit 50 is a voltage 
dividing resistance circuit between a resistor rl and resistors 
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r2, r3 and r4 (r2 < r3 < r4) , a division ratio is changed according 
to the detection signals Dl, D2 and D3, and division voltage 

is output as a signal a. Similarly, the circuit shown in Fig, 
2B is the voltage dividing resistance circuit between a resistor 
rl' and resistors r2' , r3' andr4' <r4' < r3' <r2')/ the division 
ratio is changed according to the detection signals Dl, D2 and 
D3, and the division voltage is output as the signal a. 

Then, description will be given of the operation and the 
object detection principle in the photoelectric sensor 
configured in the above-described way and, also, description 
will be given of the contents of the program processed by the 
control unit 30. 

As shown in Figs. 2A and 2B, when a switch located outside 
the figure is turned on, the control unit 30 sequentially outputs 
the control signals OUT1, OUT2 and OUT3 . At the same time, the 
magnitude of the driving current I output from the power supply 
unit 40 is increased in order of II, 12 and 13 as shown in Figs. 
2A and 2B, and the light intensity of the light-emitting device 
10 is correspondingly increased at three levels. This means 
that the light-emitting area of the light-emitting device 10 
is substantially enlarged at three levels. 

The control unit 30 receives the output voltage of the 
light-receiving device 20 during outputting the control signal 
OUT1. When the output voltage is equal to or more than the 
predetermined value, the control unit 30 determines that an 



object passes through the detection area Al to make the detection 
signal Dl active and outputs the detection signal Dl at H level. 
Similarly, the control unit 30 receives the output voltage of 
the light-receiving device 20 during outputting the control 
signals OUT2 and OUT2 . When the output voltage is equal to or 
more than the predetermined value, the control unit 30 determines 
that an object passes through the detection area A2 or A3 to 
make the detection signal D2 or D3 active and outputs the detection 
signal D2 or D3 at H level. Then, the output circuit 50 converts 
the digital value including the control signals OUT1, OUT2 and 
0UT3 into the analog value to output the analog signal a. 

The above-described processing is repeatedly carried out 
in the control unit 30. That is, the pattern is repeated such 
that the light intensity of the light-emitting device 10 is 
increased sequentially at three levels, the light intensity is 
recovered to an original state, and the light intensity is 
increased sequentially at three levels again . Whether an obj ect 
passes through the detection area Al, A2 or A3 is sequentially 
determined based on the output voltage of the light-receiving 
device 20, and the result of determination is output as the digital 
detection signals Dl, D2 and D3 . Then, the output circuit 50 
converts the detection signals Dl, D2 and D3 into the analog 
signal a to output it. 

With the voltage level of the- signal a output from the 
photoelectric sensor, it is thus determined that whether an 
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object passes through the detection area Al, A2 or A3. 
Specifically, when the object approaches to the photoelectric 
sensor, the detection signals Dl, D2 and D3 are sequentially 
changed to active, and the voltage level of the signal a is 
correspondingly increased. Accordingly, seeing the voltage 
level of the signal a, the proximity distance of the object can 
be determined at three levels. 

In the case of the photoelectric sensor configured in the 
above-described way, unlike in the case of the conventional 
example, it is possible to detect the presence/absence of the 
object over the detection areas Al , A2 and A3 without using a 
plurality of light-receiving devices 20 and light-emitting 
devices 10 . The embodiment can realize the miniaturization and 
the cost-reduction of a photoelectric sensor in that the increase 
in the number of light-emitting devices 10 and light-receiving 
devices 20 is not required. Further, in the embodiment, not 
only input of an external signal is not required but also the 
analog output form is adopted, so that the configuration of a 
peripheral circuit can be simplified. Therefore, the 
miniaturization and the cost-reduction of the photoelectric 
sensor can be also realized. 

The above-described photoelectric sensor may be designed 
as follows. For example, the detection signals Dl, D2 and D3 
is directly output as the analog signal a by utilizing the analog 
output port of the microcomputer in the control unit 30. The 



output of the light-receiving device 20 is directly externally 
output, and the control unit 30 is configured to have only the 
function of controlling the power supply unit 40 in order to 
change inmagnitude of the driving current I of the light-emitting 
device 10. In this case, the magnitude of the driving current 
I of the light-emitting device 10 may be changed in the 
predetermined pattern or the power supply unit 40 may be 
controlled according to the input of the external signal. 
Further, the detection signals Dl, D2 and D3 may be directly 
output in parallel without converting the detection signals Dl, 
D2 and D3 into the analog signal or the same function may be 
realized by hardware without using the microcomputer. 
Particularly, an LED for infrared rays and a light-receiving 
IC for remote controllers canbe used as the light-emitting device 
and the light-receiving device, respectively. That is, when 
a carrier wave (burst wave) having a constant wavelength emitted 
from the LED for infrared rays is reflected from an object and, 
and is received by the light- receiving IC for remote controllers, 
so that the light-receiving IC for remote controllers detects 
the carrier wave having the constant wavelength, determining 
that the ob j ect is present in the detection area, a mode output ting 
the signal may be adopted. In this case, the signal is input 
to the control unit to carry out the same processing for the 
above-described way, and the signal may be output in the form 
of digital or analog, or the signal may be directly output. 
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Next, description will be given of a second embodiment 
of the present invention mainly with reference to Figs. 5 and 
6. Fig. 5 is a circuit diagram of a detection circuit of the 
photoelectric sensor; and Fig. 6 is a view for describing the 
operation of the detection circuit, which shows a waveform of 
output voltage of a buffer amplifier connected to an output stage 
of the light-receiving device . The same components in the first 
embodiment are denoted by the same part numbers in the first 
embodiment . 

As shown in Fig. 4, a photoelectric sensor described herein 
detects the presence/absence of an object in the detection area 
Al, A2 or A3 where the light-emitting area of the light-emitting 
device 10 and the light-receiving area of the light-receiving 
device 20 are overlapped with each other. The photoelectric 
sensor can not only detect the presence/absence of proximity 
of an object but also measure the proximity distance at three 
levels. The second embodiment largely differs from the first 
embodiment in that the second embodiment has no unit 
corresponding to the power supply unit 40, the driving current 
I flowing through the light-emitting device 10 is held constant, 
and a detection circuit 60 shown in Fig. 6 is used instead of 
the control unit 30. In Fig. 6, the light-emitting device 10, 
the driving circuit generating the driving current I, and the 
like are not shown. 

The photoelectric sensor is configured to allow the 



light-emitting device 10 to emit light, compare the output level 
of the light-receiving device 20 with three reference values 
Vthi/ V t h2 and V t h3 (V t hi < V th2 < V th3 ) which are different from one 
another, respectively, and output the result of comparison as 
digital detection signals Dl', D2' and D3' . In order to allow 
the light-emitting device 10 to emit light, it is required to 
supply the driving current I to the light-emitting device 10. 
The magnitude of the driving current I is set to a value (13) 
that light emitted from the light-emitting device 10 can reach 
the entire detection area A3 . The detection circuit 60 generates 
the digital detection signals Dl' , D2' and D3' based on an output 
from the light-receiving device 20. 

The detection circuit 60 is configured to have: a buffer 
amplifier 61 that amplifies the output from the light-receiving 
device 20; a reference voltage generating circuit 65 that is 
a voltage dividing resistance circuit for a resistor Rl to a 
resistor R4 and generates the reference values V t hi/ V t h2 and V th 3; 
and comparators 62, 63 and 64 that compare the magnitude of an 
output voltage v of the buffer amplifier 61 with the reference 
values Vthi/ V th 2 and V t h2 to output the result of comparison as 
digital detection signals D3' , D2' and Dl'. 

Description will be given of the operation and the object 
detection principle in the photoelectric sensor configured in 
the above-described way. When the switch located outside the 
figure is turned on, the driving current I is supplied to the 



light-emitting device 10 and the light having the constant 
intensity is emitted from the light-emitting device 10. When 
an object passes through the detection areas A3, A2 and Al in 
this order with the increasing proximity to the photoelectric 
sensor, the output level of the light-receiving device 20 is 
increased as shown in Fig. 6. This is because the intensity 
of the reflected light received with the light-receiving device 
20 is increased in inverse proportion to the distance between 
the object and the light-emitting device 10 and the 
light-receiving device 20. When the output voltage v of the 
buffer amplifier 61 correspondingly exceeds the reference values 
Vthi/ V t h2 and V th 3 in this order, the detection signals D3' , D2' 
andDl' sequentially become active . In this case, the detection 
signals D3' , D2 ' and Dl' sequentially become H level herein. 
Conversely, the magnitude of the reference values V t hi, V th 2 and 
V th3 is set so that the detection signals D3' , D2 ' and Dl' become 
active in order at the point when an object passes through the 
detection area A3, A2 and Al in this order. 

With the digital values of the detection signals Dl f , D2' 
and D3' output from the photoelectric sensor, it is thus 
determined whether an object passes through the detection area 
Al , A2 or A3, and the proximity distance of the obj ect is determined 
at three levels. That is, without using a plurality of 
light-receiving devices 20 and light-emitting devices 10, it 
is possible to detect the presence/absence of an object over 



the detection areas Al, A2 and A3, and the same merit as that 
of the first embodiment can be achieved. In particular, since 
the power supply unit 40 and the control unit 30 are not required 
unlike the first embodiment, the miniaturization and the 
cost-reduction of the sensor can be further realized. 

The above-described photoelectric sensor may be designed 
as follows. For example, a D/A converter circuit is provided 
in a subsequent stage of the detection circuit 60 to output the 
signal in the form of the analog output. Only one comparator 
is provided in the detection circuit 60 to change repeatedly 
the reference values V thl , V t h2 and V t h3 in the predeterminedpattern . 
That is, the photoelectric sensor may be configured to allow 
the light-emitting device 10 to emit light, compare the output 
level of the light-receiving device 20 with the reference value 
to output the result of comparison as a detection signal, change 
the reference value to compare the output level of the 
light-receiving device 20 with the reference value in each change 
in the reference value, and output the result of comparison as 
a detection signal . Even in such a detection signal, once timing 
changing the reference value is controlled, it is determined 
whether an object passes through the detection area Al, A2 or 
A3, and the proximity distance of the object can be determined 
at three levels. In particular, the LED for infrared rays and 
the light-receiving IC for remote controllers can be used as 
the light-emitting device and the light-receiving device, 



respectively. That is, when the carrier wave (burst wave) having 
the constant wavelength emitted from the LED for infrared rays 
is reflected from an object, the light-receiving IC for remote 
controllers receives and detects the carrier wave having the 
constant wavelength, and the received light intensity is equal 
to or more than one of a plurality of reference signals, 
determining that the object is present in the detection area 
corresponding to the reference value, a mode outputting the 
signal in the form of digital or analog may be adopted. 

The photoelectric sensor according to the present 
invention is not limited to the above-described embodiments. 
For example, the detection areas are not limited to three areas, 
and it may be plural. For a type, an arranging method and the 
like of the light-emitting device and the light- receiving device, 
the design may be properly changed. 

In the case of the photoelectric sensor according to claim 
1 or 2 of the present invention, since the light-emitting area 
of the light-emitting device is configured to be substantially 
enlarged/reduced through the change in the driving current of 
the light-emitting device, unlike in the case of the conventional 
example, it is possible to detect the presence/absence of an 
object over a plurality of detection areas without using a 
plurality of light- receiving devices and light- emit ting devices . 
The present invention has the merit that the miniaturization 
and the cost-reduction of an apparatus are realized in that the 



increase in the number of light-emitting devices and 
light-receiving devices is not required. 

In the case of the photoelectric sensor according to claim 

3 of the present invention, since the input of the external signal 
is configured not so as to be required in detecting the 
presence /absence of an obj ect over a plurality of detection areas, 
the configuration of a peripheral circuit is simplified, and 
the present invention can realized the miniaturization and the 
cost-reduction of an apparatus in this point. 

In the case of the photoelectric sensor according to claim 

4 of the present invention, the sensor utilizes the decrease 
in the output level of the light-emitting device in inverse 
proportion to the distance between an object to be detected and 
the light-emitting device and light-receiving device, and 
decides the presence/absence of an object on the basis of the 
output level of the light-receiving device . However, since the 
sensor has the configuration in which the reference value to 
become a criterion of the determination level is set to a plurality 
of values different from one another, unlike in the case of the 
conventional example, it is possible to detect the 
presence /absence of an obj ect over a plurality of detection areas 
without using a plurality of light-receiving devices and 
light-emitting devices, and the present invention has the same 
merit for the case of claims 1 and 2. Further, since the result 
of detection is output at a time in the form of the digital or 
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analog detection signal, there is the merit in the point of 
high-speed response of the detection. 

In the case of the photoelectric sensor according to claim 

5 of the present invention, the sensor utilizes the decrease 
in the light intensity of the reflected wave received with the 
light-emitting device in inverse proportion to the distance 
between an object to be detected and the light-emitting device 
and light-receiving device, and determines the presence/absence 
of an obj ect on the basis of the output level of the light-receiving 
device . However, since the sensor has the configuration in which 
the reference value to become the criterion of the decision level 
is changed, unlike in the case of the conventional example, it 
is possible to detect the presence/absence of an object over 
a plurality of detection areas without using a plurality of 
light-receiving devices and light-emitting devices, and the 
present invention has the same merit for the case of claims 1 
and 2 . 

In the case of the photoelectric sensor according to claim 

6 of the present invention, since the input of the external signal 
is configured not so as to be required in detecting the 
presence/ absence of an obj ect over a plurality of detection areas, 
the present invention has the same merit as claim 3. 
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